minimal bactericidal concentration of amoxycillin was 27-4 tmol/l (10-0 pg/ml) but the minimal inhibitory concentration was only 0 07 ,umol/l (0-025 [&g/ml); the failed prophylaxis against this relatively tolerant pathogen was ascribed to persistent exposure to largeinocula. Fromour dataeven ninehours after takingamoxycillin serum concentrations exceeding the minimal inhibitory-concentration (0-07 pmol/l) were likely but bactericidal concentrations pmol/l) would not have occurred. Clearly, even if amoxycillin concentrations exceed the minimal inhibitory concentration for prolonged periods failure to maintain bactericidal values may be critical.
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Our study suggests that nine hours after a 3 g dose of oral amoxycillin syrup (eight hours after dentistry) serum is not necessarily bactericidal against relatively resistant pathogenic strains of viridans streptococci in about half of all patients. Hence whenever the possibility of infection with viridans streptococci warrants a second dose of amoxycillin this should not be left till eight hours after the procedure as recommended hitherto.I By repeating the dose after about four hours, however, more effective prophylaxis may be obtained even against relatively resistant species.
We thank the University of Hong Kong dental and medical faculties and Beecham Pharmaceuticals for financial support and facilitating this work. We are also indebted to Professor C E Renson for his helpful advice and encouragement. The hyponatraemia common in decompensated cirrhosis arises in part from secretion of antidiuretic hormone attributed to a decrease in effective blood volume. Baroreceptors send inhibitory impulses to the midbrain and hypothalamus through the vagus and glossopharyngeal nerves. Since vagal neuropathy often occurs in chronic alcoholism, this might theoretically contribute to the inappropriate secretion of antidiuretic hormone, which might in turn induce hyponatraemia. In a prospective study including 34 patients with cirrhosis a high incidence ofvagal neuropathy was found in the alcoholics (64%) and a clear cut increase in the incidence of hyponatraemia in patients with evidence of vagal damage and ascites (seven of eight patients (88%); p=002). Results of a retrospective study of 64 patients with cirrhosis and ascitic decompeusation showed hyponatraemia in 17 (50%) of 34 alcoholics but in only four (13%) of 30 patients with non-alcoholic disease (p=0.006).
Vagal neuropathy in alcoholic cirrhosis may contribute to the low serum sodium concentrations commonly found in these patients.
Introduction
The hyponatraemia commonly found in cirrhosis-is generally attributed to an excessive secretion of antidiuretic hormone despite hypo-osmolality of the blood.' The classical theory suggests that patients with decompensated disease have a decrease in the "effective" central blood volume resulting in decreased vagal and glossopharyngeal afferent influx to the midbrain and hypothalamus. The decreased afferent neural input is associated with a non-osmotic release of antidiuretic hormone and increased sympathetic activity.23 All published studies on hyponatraemia in cirrhosis have disregarded any alcoholic origin of the cirrhosis. A high incidence of vagal neuropathy in chronic alcoholism has recently been described,4 which may have a role in inappropriate secretion of antidiuretic hormone.2 We decided to investigate this hypothesis systematically in patients with alcoholic and nonalcoholic cirrhosis and report here our results.
Patients and methods
We studied prospectively 34 consecutive patients (mean age 50 (SD 8) years) with normal renal function and histologically proved liver cirrhosis; 25 were alcoholics and nine had posthepatitic disease. All patients had a serum creatinine concentration below 97 pmol/l (1 1 mg/100 ml) and a total bilirubin concentration below 50 timol/l -(29 mg/100 ml). From at least 10 days before the study all patients and controls were medication free and (except for 18 patients with ascites) taking a normal hospital diet providing 50-100 mmol(mEq) sodium daily; patients with ascites received a low salt diet (10-20 mmol sodium daily). Intake of water was unrestricted and in all cases exceeded 2 litres a day. All the patients were clinically stable. None had signs of liver encephalopathy, evidence of infection, history of recent gastrointestinal bleeding, or diabetes. The alcoholic patients had not touched alcohol for at least 10 days before the tests of autononic function.
Subjects were assessed for vagal neuropathy by measuring the heart rate response to standing,5 deep breathing,6 and atropine.4 Normal limits were established by studying an abstinent control population of 34 inpatients of similar age and sex who were free -of any disease or medication known to interfere with vagal function.
Response to standing-The R-R intervals were determined at beats 15 and 30 after standing and expressed as the 30:15 ratio. A ratio above 1-03 was regarded as normal.
Deep breathing-After at least 10 minutes' recumbency the heart rate was monitored continuously for at least one minute at a paper speed of 50 mm/s while the subject breathed deeply. The subject then breathed deeply six to eight times a minute and the difference in mean maximum heart rate between inspiration and expiration was determined. A difference of 10 beats or more/min was considered normal.
The atropine test was performed last. After at least five minutes' recumbency 1 8 mg atropine was given intravenously with an interval of one minute between successive 0-6 mg doses. A minimum increase in heart rate of 20 beats/min was considered normal.
Vagal neuropathy was recorded arbitrarily if the subject had an abnormal result in at least two tests, one of which had to be the atropine test. 4 Hyponatraemia was defined as a serum sodium concentration below 135 mmol(mEq)/1 on the morning of the tests.
of whom all had been drinking more than 100 g alcohol daily before admission-and 30 had histologically proved non-alcoholic cirrhosis.
Statistical analysis was by Fisher's exact probability test for small numbers and Student's t test, as appropriate.7
Results

PROSPECTIVE STUDY
All patients with non-alcoholic cirrhosis had normal vagal function. By contrast, 16 of the 25 alcoholic patients (64%) showed vagal impairment (fig 1) . The presence of vagal damage was not associated with hyponatraemia (serum sodium concentration below 135 mmol/l) in the group without ascites (fig 1) . In the group with ascitic cirrhosis, however, seven of the eight alcoholics with vagal impairment were hyponatraemic compared with only two of the 10 patients with normal vagal function (fig 1) To study the possible role of hyponatraemia in upsetting vagal function the same tests were performed in five patients with asymptomatic hyponatraemia (serum sodium concentration below 128 mmol/l) related to a syndrome of inappropriate secretion of antidiuretic hormone of neoplastic origin. These five patients were free of medication, abstinent, and did not have diabetes or evidence of cardiac or liver dysfunction.
All subjects in the prospective study gave informed consent. Other patients admitted to hospital with decompensated disease-that is, with ascites-during 1981-4 were analysed retrospectively from the case notes.
Only patients not receiving diuretics and without a history of renal failure, heart failure, gastrointestinal bleeding, diabetes, or infection were accepted for the retrospective study. Serum sodium concentrations were expressed as the mean of several determinations obtained after at least five days in hospital. Thirty four patients had histologically proved alcoholic cirrhosisp=0 02). Among the 14 alcoholic patients with decompensated disease (fig 1) only one of the six with normal vagal function had hyponatraemia (Fisher's exact test, p= 004).
Heart rate measured before the injection of atropine in ascitic patients with vagal neuropathy was significantly higher (mean 91 (SD 10) beats/min) than in patients with normal vagal function (79 (8) beats/min; p<001) despite similar mean blood pressures (88 (SD 9) and 85 (10) mmHg, respectively).
Biochemical findings reflecting the degree of liver failure (serum aspartate and alanine aminotransferase activities, total bilirubin concentration, prothrombin time (Quick's test)) were similar in patients with alcoholic and non-alcoholic decompensated disease whether or not there was also vagal damage. All Retrospective analysis of data from the 64 patients admitted with alcoholic and non-alcoholic decompensated cirrhosis showed higher mean sodium and urea concentrations in the non-alcoholic patients despite similar biochemical features of liver failure in the two groups (see table) . Seventeen of the 34 alcoholics (50%) had a serum sodium concentration below 135 mmol/l (fig 2) , whereas this was true for only four of the 30 non-alcoholic patients (13%) (Fisher's exact test, p=0 006).
Discussion
There are numerous mechanisms in the development of hyponatraemia in cirrhosis, but the main one seems to be secretion of antidiuretic hormone by the posterior pituitary, generally attributed to a decrease in "effective" blood volume.' In cirrhosis a specific decrease in effective blood volume secondary to peripheral vasodilatation, hypoalbuminaemia, and venous pooling would be expected to stimulate the baroreceptors in the left atrium-and carotid sinus. This would cause a decrease in vagal and glossopharyngeal inhibitory input to the midbraim and hypothalamus resulting in release of antidiuretic hormone and enhanced sympathetic nerve activity.3 For this physiological adjustment to occur the glossopharyngeal and vagus nerves must be fimctionally normal. Hence vagal damage, by decreasing the inhibitor influx to the hypothalamus, might be expected to cause an excessive secretion ofantidiuretic hormone.
We did not find an increased incidence of hyponatraemna in our alcoholic patients with vagal neuropathy and no ascites. This agrees with the well known rarity of hyponatrae in cirrhosis without ascites. In patients with vagal degeneration and ascites, however, we found a clear cut increase i the frequency of hyponatraemia. Moreover, these patients had a higher heart rate than the group with a functionally normal vagus-nerve, which might reflect, for instance, hypovolaemia or a lesion of the vagus nerve. We emphasise that biochemical parameters ofliver function were similar in the two groups except for a lower blood urea concentration in the alcoholics, which was probably related to a more frequent increase in the effective vascular volume in these patients.78 Since the hyponatraemia related to the;-syndrome of inappropriate secretion of antidiuretic hormone was not associated with abnormal vagal function in the five -patients studied, it is unlikely that hyponatraemia by itself would have affected the tests of vagal function.
If the high incidence of vagal neuropathy in alcoholic cirrhosis plays a part in the inappropriate secretion of antidiuretic hormone we should expect to find a lower frequency ofhyponatraemia in nonalcoholic cirrhosis-and that was indeed the case in our retrospective study. The discrepancy in the incidence of hyponatraemia between the alcoholic and non-alcoholic patients could not be explained by more severe liver failure in the first group as the biochemical findings were similar.
Before attributing increased sympathetic activity and excessive secretion of antidiuretic hormone to a decrease in blood volume in cirrhosis3 it seems important to exclude impaired vagal function, which may contribute to hyponatraemia independently of any contraction ofeffective blood volume. 
